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      随着石油资源日渐匮乏和全球环境污染问题的日益加重，各国纷纷开始开
发新型能源。纤维素是地球上 丰富、 廉价的可再生资源。利用生物技术将纤
维素转化为酒精，不仅节约资源，而且能够实现环境的保护。 
    本实验采用酶解法制备了葡萄牙假丝酵母（Candida lusitaniae）和酿酒酵母
（Saccharomyces cerevisiae）原生质体，并研究了酶浓度、酶解时间、酶解温度、
预处理、渗透压稳定剂及pH值等因素对其形成和再生的影响。结果表明，葡萄
牙假丝酵母原生质体形成的 佳条件为：菌龄8 h，酶浓度 3.0 U/mL，酶解温度
30 ℃，山梨醇（1.0 mol/L，pH 6.5）为渗透压稳定剂，酶解时间75 min；在此条
件下，原生质体的形成率为93.1%。酿酒酵母原生质体形成的 佳条件为：菌龄8 




照射8 min后致死率达100% ；酿酒酵母原生质体置于70℃水浴锅中处理40 min
后致死率达100%。将灭活的双亲原生质体进行PEG诱导融合（频率为2.7×10-6），
经过TTC初筛和发酵复筛，筛选出两株既耐高温又高产酒精的菌株：融合子F-26
和F-6。两融合子在42 ℃下发酵酒精 终含量分别为7.4% 和 6.9%。对筛选获得
的融合子F-26与亲株1461和1516进行细胞形态的比较，可以看出融合子F-26细胞
平均体积达到170.03 v/μm3，大于两亲本菌株的体积（24.97 v/μm3，154.02 v/μm3）
小于两亲株的体积之和。 
对菌株 F-26 的生长特性、发酵特性和耐受性进行研究。结果表明，菌株 F-26
生长的 适温度和 pH 分别为 34 ℃和 5.5；发酵的 适温度和 适 pH 值分别为
34 ℃和 5.0； 适接种量为 12%；其中温度和接种量对生长和发酵的影响显著；
pH 对生长和发酵的影响不显著；此外，菌株 F-26 的耐酒精能力为 14% (v/v)，
并且可以耐受浓度为 30%以上的糖，在浓度为 40%的高糖下仍能发酵产酒精。 
采用正交实验优化了菌株 F-26 利用甘蔗渣纤维素糖化液发酵产酒精的工艺















件下，以 10%碱预处理后的甘蔗渣为底物，在 42 ℃摇床（140 rpm）发酵 60 h，
菌株 F-26 发酵液的酒精含量 高为 6.20%，分别较亲本葡萄牙假丝酵母和酿酒






































Many countries started to explore new energy due to the shortage of fossil fuel 
resources and the increasing serious environmental pollution. Cellulosic material is 
the most abundant, cheap and renewable carbon resource in the world. Cellulose 
could be hydrolyzed by cellulase and convert into glucose for ethanol production. The 
utilization of renewable biomass can not only develop the natural resources but also 
reduce the environmental pollution.  
The preparation and regeneration conditions of protoplast of parental strains 
Candida lusitaniae and Saccharomyces cerevisiae were studied in this research. A 
series of single factor tests and orthogonal tests were performed to optimize the 
conditions (including cell age, enzyme concentration, temperature, enzymolysis time, 
the selection of osmotic pressure stabilize and pH) for protoplast formation and 
regeneration of C.lusitaniae and S.cerevisiae. The optimal conditions for C. lusitaniae 
were obtained as：8 h of cell age, sorbierite (1.0 mol/L, pH 6.5) as osmotic pressures 
stabilizer, enzymolysis at 30 ℃ with 3.0 U/mL of cellulase for 75 min and 17% of 
cane sugar as the regeneration culture medium. Under above condition, the protoplast 
formation and regeneration rate of C.lusitaniae were 93.1% and 12.4%, respectively. 
The optimal conditions for S.cerevisiae were achieved as: 8 h of cell age, KCl (0.8 
mol/L, pH 7.5) as osmotic pressures stabilizer, enzymolysis at 30 ℃ with 2.0 U/mL 
of cellulase for 60 min and 17% of cane sugar as the regeneration culture medium. 
Under above condition, the protoplast formation and regeneration rate of S. cerevisiae 
were 93.3 % and 24.1%, respectively. 
The inactive of protoplast of C. lusitaniae 1461 was carried out under the 
irradiation of UV（15 W, 15 cm）for 8 min. The inactive of protoplast of S.cerevisiae 
1516 was applied to heat at 70 ℃ for 40 min. The protoplasts of parent strains were 
fused using PEG with a fusion frequency was 2.7×10-6. Two fusants F-26 and F-6 
were obtained after initial screening by TTC plates and secondary screening by 
fermentation, the ethanol producticity of these two strains came up to 7.4% and 6.9% 















showed that the average volume was 170.03 v/μm3, which was larger than both parent 
strains，(24.97 v/μm3 and 154.02 v/μm3) respectively, but smaller than the summation 
of them. 
The optimum conditions for gowth of F-26 strain were achieved as: temperature 
34 ℃, pH 5.0, the optimum conditions for ethanol fermentation were obtained as: 
temperature 34 ℃, pH 5.0 and 12% cell inoculum, respectively. The temperature and 
initial inoculum were the key factors influencing the growth and fermentation. The 
tolerance to ethanol for F-26 strain was 14% (v/v). The strain could tolerate more than 
30% of the sugar and even ferment under high sugar concertration of 40%. 
The orthogonal test indicated that the fusion strain F-26 produced the highest 
amount of ethanol(6.20%) after fermenting at 42 ℃, 140 rpm for 60 h, which higher 
than the parents(Candida lusitaniae and Saccharomyces cerevisiae) 100% and 
27.1% ,respectively. The optimum conditions were reaction mixture consisting of 
10% bagasse, 25 U/g of cellulase, 6% (v/v) of inoculum and saccharification for 32 h.  
Key words: Candida lusitaniae; Saccharomyces cerevisiae; protoplast fusion; 
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目标燃料酒精的年使用量预计达到 2.5 亿加仑。 
1983，日本开始实施燃料酒精的发展计划。1997 年日本出台《京都议案》，
关注于减少温室气体的排放问题，日本预计到 2015 年 CO2 的排放量将减少
5.2%[8]。由于目前汽油价格低廉，且供应充足，因此还没有开始大规模使用
燃料酒精[9]。但是，日本已经建立起较完善的研发纤维素燃料酒精体系。此
外，加拿大艾欧基(Iogen)公司于 2004 年投资 2000 余万美元在渥太华建立了
世界上同类装置中规模 大一套纤维素乙醇示范装置，该装置每天可处理 40 
t 小麦秸秆，每年可产 26 万加仑(约 1000 t/年)酒精。  
1.1.2 我国发展现状 
我国天然气、原油储量分别占世界总储量的 1.2% 和 2.4%，人均天然气
资源仅为世界平均水平的 13.2%，人均石油资源是世界平均水平的 17.1 %。
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成功开发，汽油的供应危机有所缓解，燃料酒精的生产则停滞不前。直到 1993
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